When a helix-destabilizing protein releases the singlestranded regions, a new opportunity is created for the RNA to find its native structure. This mode of action bosome biogenesis, and translation could benefit from such a function, and indeed all of these processes are rife with DEAD box proteins.
. RNA Chaperones and Specific RNA Binding Proteins Can Solve Different Problems in RNA Folding (A) RNA chaperones destabilize helices, thus disrupting misfolded structures and allowing more opportunities for the RNA to find its native state. They may also facilitate the annealing of RNA strands (not pictured). (B) RNA binding proteins that recognize specific structures can stabilize otherwise unstable active conformations ("structure capture") (Weeks, 1997) or induce structure formation ("structure induction"). CBP2 is an example of a protein that appears to use structure capture, whereas CYT-18 is thought to use structure induction (Lambowitz et al., 1999; Webb et al., 2001 ). The same protein (purple) is shown performing both structure capture and induction for simplicity. In both (A) and (B), each step depicted may in reality be more than one step.
The only trouble with the RNA chaperone hypothesis
Another protein that facilitates splicing of mutant td pre-mRNA, both in vitro and in vivo, is the Neurospora was that no protein had ever been shown to act as an RNA chaperone in vivo. In 1999, Clodi et al. provided crassa CYT-18 protein (Mohr et al., 1992; Clodi et al., 1999) . This protein is the mitochondrial tyrosyl-tRNA support for the RNA chaperone hypothesis by demonstrating that several proteins with RNA chaperone activsynthetase and has been shown to promote splicing catalyzed by group I introns from a number of organisms ity in vitro can resolve a misfolded RNA structure in vivo as well. To do this, they used a clever approach involving (reviewed in Lambowitz et al., 1999; Weeks, 1997). CYT-18 binds to a tRNA-like structure in the conserved core the T4 phage td pre-mRNA. A misfolded species can form between the 5Ј exon of the mRNA and the td group of the introns and stabilizes the catalytically active tertiary fold of the ribozyme. It functions in a similar manner I intron, preventing splicing by the intron. Normally, the ribosome resolves this kinetic trap as it tries to translate as a peripheral RNA domain (P5abc) found in some group I introns, and CYT-18 and P5abc bind to overlapthe pre-mRNA (thus acting as an RNA chaperone!). Introduction of a stop codon in the 5Ј exon keeps the riboping sites on the catalytic core of the ribozyme with their binding inducing similar conformational changes some from reaching the incorrectly base-paired region and thus prevents resolution of the misfolded species in the core (Mohr et al., 1994 Figure 1A) , and the specific RNA binding proteins would stabilize active structures drolysis is required, and happens at 25ЊC and 30ЊC but not at 37ЊC, consistent with the suppression of the cytthat are not stable enough on their own to predominate ( Figure 1B) . The second class clearly does exist in vivo;
19-1 mutation in vivo by elevated temperature. Thus, it appears that in vitro, as in vivo, at the normal growth CYT-18 and CBP2 both function, at least in part, to stabilize group I intron structure in vivo, and many ribotemperature of 25ЊC, both CYT-18 and CYT-19 are required for maximal splicing efficiency of the LSU intron. somal and spliceosomal proteins also fall into this class of specific RNA structure-stabilizing factors. As for the The addition of CYT-19 and ATP increases both the overall rate of splicing and the percentage of input RNA first class, as described above when expressed in vivo, some nonspecific RNA binding proteins do indeed have that is spliced. This increase in the endpoint of splicing suggests that CYT-19 might be resolving misfolded chaperone activity. This is a far cry, however, from demonstrating that proteins whose function is to chaperone RNAs. To test this directly, Mohr and colleagues used a well-characterized version of the LSU group I intron RNA folding actually exist in vivo.
And so things stood until a few months ago when a from Tetrahymena that is missing its peripheral P5abc domain and thus requires CYT-18 for efficient splicing. combination of Neurospora crassa, genetics, and biochemistry brought enlightenment. Besides cyt-18, mutaThe folding of this version of the intron is known to produce a nonnative (and inactive), kinetically trapped tions in two other nuclear genes were known to decrease mitochondrial group I intron splicing in Neurospora species resulting from the incorrect pairing of two regions (P3 and J8/7), forming a structure called Alt- 
